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1
MICROCONDENSER DEVICE AND
EVAPORATIVE EMISSION CONTROL
SYSTEM AND METHOD HAVING
MICROCONDENSER DEVICE

BACKGROUND

The present disclosure generally relates to evaporative
emission control systems (e.g., for internal combustion
engines), and more particularly relates to a microcondenser
device for evaporative emission control and evaporative emis-
sion control systems and methods incorporating microcon-
denser devices.

Conventional vehicle fuel systems associated with internal
combustion engines typically employ a fuel canister for
receiving fuel vapor from a vehicle’s fuel tank. The fuel
canister is adapted to temporarily retain the received vapor
therein to prevent it from being released to the atmosphere.
More particularly, fuel vapor can enter the fuel canister from
the fuel tank wherein the fuel vapor is absorbed and retained
in a carbon bed of the fuel canister. Typically, the retention of
the displaced fuel vapor within the fuel canister is only tem-
porary as the fuel vapor retained in the fuel canister is peri-
odically purged to allow the canister to accommodate and
absorb additional fuel vapor from the fuel tank. During such
purging, the fuel vapor captured by the canister can be sent to
the vehicle’s engine, and particularly to an induction system
of the engine, for combustion.

Various other systems have been proposed to more strictly
control containment of fuel vapors and/or improve vehicle
efficiency by controlling fuel vapor processing. Some of these
systems can be used in environments beyond that of a vehicle
(e.g., underground fuel storage vessels). For example, some
systems include a bladder disposed in a vehicle’s fuel tank
that expands and contracts to control fuel vapor. A pump can
be used in association with the bladder for applying pressure
to the walls of the bladder. The pressure is applied for pur-
poses of forcing the bladder walls against the fuel contained
therein to prevent or limit vapor formation. A fuel canister, as
described in the preceding paragraph, can optionally be used
in the bladder fuel system for capturing fuel vapor that forms
despite the use of the bladder.

Also known is a canisterless evaporative emission control
system for an internal combustion engine. One particular
known system includes a fuel tank wherein vaporized fuel is
generated and a microcondenser device for processing the
vaporized fuel received from the fuel tank. The microcon-
denser device has a heat sink portion formed of carbon foam
in thermal communication with a thermoelectric element for
removing heat from the heat sink portion. The fuel vapor is
processed by passing the fuel vapor through the heat sink
portion to remove heat therefrom and condense at least a
portion of the fuel vapor to liquid fuel. Drawbacks of this
known canisterless control system include significant power
consumption requirements for the thermoelectric element
and a significant volume of uncondensed fuel vapor passing
through the microcondenser device.

SUMMARY

According to one aspect, a microcondenser device for an
evaporative emission control system includes a housing hav-
ing an inlet for receiving fuel vapor and a condensation outlet
for discharging condensed fuel vapor, and a porous element
disposed in the housing and fluidly interposed between the
inlet and the condensation outlet for absorbing the fuel vapor
received through the inlet. The microcondenser device further
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2

includes a thermoelectric element in thermal contact with the
porous element for removing heat from the fuel vapor
absorbed by the porous element to condense the fuel vapor.

According to another aspect, a microcondenser device for
an evaporative emission control system includes a housing
having a fuel vapor inlet and a condensed fuel vapor outlet
and a porous element positioned in the housing for receiving
the fuel vapor from said inlet. The porous element has at least
one chamber therein. The microcondenser device further
includes a heat transfer element in thermal communication
with the porous element to remove heat from the fuel vapor to
condense at least a portion of the fuel vapor.

According to still another aspect, a microcondenser device
for an evaporative emission control system includes a housing
having an inlet for receiving fuel vapor and an outlet for
discharging condensed fuel vapor, a first porous element posi-
tioned in the housing between the inlet and the outlet, a
second porous element positioned in the housing between the
first element and the outlet to define a chamber between said
first and second porous elements, and a heat transfer element
in thermal communication with at least one of the porous
elements to remove heat from the fuel vapor to condense at
least a portion of the fuel vapor.

According to yet another aspect, an evaporative emission
control system includes a fuel storage vessel wherein vapor-
ized fuel is generated and a microcondenser device for pro-
cessing the vaporized fuel received from the fuel storage
vessel. The microcondenser device including a porous por-
tion that facilitates removal of heat from the vaporized fuel.

According to a further aspect, an evaporative emission
control method includes directing fuel vapor from a fuel
storage vessel to a microcondenser device, condensing the
fuel vapor in the microcondenser device, and returning con-
densed fuel vapor from the microcondenser device to the fuel
storage vessel. The fuel storage vessel can be a fuel tank on a
vehicle or some other type of fuel storage vessel, such as an
underground fuel storage tank.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an evaporative emission
control system having a microcondenser device for process-
ing fuel vapor.

FIG. 2 is a perspective view, partially in cross-section, of
the microcondenser device.

FIG. 3 is an elevational cross-section view of the micro-
condenser device.

FIG. 4 is plan cross-section view of the microcondenser
device.

FIG. 5 is an elevational cross-section view of a microcon-
denser device according to an alternate embodiment.

FIG. 6 is a plan cross-section view of the microcondenser
device of FIG. 5.

FIG. 7 is an elevational cross-section view of a microcon-
denser device according to another alternate embodiment.

FIG. 8 is a plan cross-section view of the microcondenser
device of FIG. 7.

FIG. 9 is an elevational cross-section view of a microcon-
denser device according to yet another alternate embodiment.

FIG. 10 is a plan cross-section view of the microcondenser
device of FIG. 9.

FIG. 11 is a schematic elevational view of a microcon-
denser device having a heat pipe (shown in cross-section) for
removing heat therefrom.

FIG. 12 is a schematic elevational view of a microcon-
denser device having a cooling fluid circuit for removing heat
therefrom.
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FIG. 13 is a perspective view, partially in cross-section, of
a microcondenser device according to still another alternate
embodiment.

FIG. 14 is an elevational cross-section view of the micro-
condenser device of FIG. 13.

FIG. 15 is a plan cross-section view of the microcondenser
device of FIG. 13.

FIG. 16 is a schematic view of an evaporative emission
control system having a microcondenser device for process-
ing fuel vapor from a canister.

FIG. 16A is a schematic view similar to FIG. 16 but show-
ing a modified evaporative emission control system.

FIG. 17 is a schematic view of an evaporative emission
control system having a microcondenser device for process-
ing fuel vapor from a canister, the canister including a first
canister portion and a second canister portion.

FIG. 17A is a schematic view similar to FIG. 17 but show-
ing a modified evaporative emission control system.

FIG. 18 is a schematic view of an evaporative emission
control system having a microcondenser device for process-
ing fuel vapor from an underground fuel storage vessel.

FIG. 19 is a schematic view of an evaporative emission
control system having a microcondenser device for process-
ing fuel vapor from a canister connected to an underground
fuel storage vessel.

DETAILED DESCRIPTION

Referring now to the drawings wherein the showings are
for purposes of illustrating one or more exemplary embodi-
ments and not for purposes of limiting same, FIG. 1 schemati-
cally shows an evaporative emission control system 10 for an
internal combustion engine 12. As shown, the engine 12 is
provided with an induction system including an intake pipe
14 in which a throttle valve 16 is operatively mounted. A
throttle valve opening (THA) sensor 18 is connected to the
throttle valve 16. The throttle valve opening sensor 18 outputs
a signal corresponding to the opening angle (THA) of the
throttle valve 16 and supplies the signal to an electronic
control unit (ECU) 20. Fuel injection valve 22, only one of
which is shown, are inserted into the intake pipe 14 at loca-
tions intermediate between the cylinder block of the engine
12 and the throttle valve 16 and slightly upstream of the
respective intake valves (not shown). The fuel injection
valves 22 can be connected through a fuel supply pipe 24 to a
fuel tank 26 and a fuel pump unit 28 is provided therealong for
delivering fuel from the tank 26 to the fuel injection valves 22.
Each fuel injection valve 22 can be electrically connected to
the ECU 20, and its valve opening can be controlled by a
signal from the ECU 20.

One or more sensors can be provided on the intake pipe 14
for monitoring conditions at the intake pipe 14. For example,
the intake pipe 14 can be provided with an intake pipe abso-
lute pressure (PBA) sensor 34 for detecting an absolute pres-
sure (PBA) in the intake pipe 14 and an intake air temperature
(TA) sensor 36 for detecting an air temperature (TA) in the
intake pipe 14 at positions downstream of the throttle valve
16. These sensors, including sensors 34, 36, can each output
a signal corresponding to a sensed condition (e.g., PBA or
TA) and supply the outputted signal to the ECU 20. In addi-
tion, the fuel tank 26 can be provided with one or more
sensors for monitoring specific conditions associated there-
with, including, for example, a tank pressure (PTANK) sensor
38 for detecting a pressure (PTANK) in the fuel tank 26, a fuel
temperature (TGAS) sensor 40 for detecting a fuel tempera-
ture (TGAS) in the fuel tank 26, and a fuel level sensor 42 for
detecting a fuel level (i.e., aremaining fuel amount) in the fuel
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4

tank 26. Like the other sensors described herein, the fuel tank
sensors, including sensors 38, 40, 42, can each output a signal
corresponding to a sensed condition at the fuel tank 26 and
provide the signal to the ECU 20.

Additional sensors can be provided on or in association
with the engine 12. More particularly, an engine rotational
(NE) sensor 44 for detecting an engine rotational speed (NE)
can be disposed near the outer periphery of a camshaft or
crankshaft (both not shown) of the engine 12. There can also
be provided an engine coolant temperature sensor 46 for
detecting a coolant temperature (TW) of the engine 12 and an
oxygen concentration sensor (also referred to as a “LAF
sensor”) 48 for detecting an oxygen concentration in exhaust
gases from the engine 12. Detection signals from these sen-
sors 44, 46, 48 can be supplied to the ECU 20. The LAF
sensor 48 can function as a wide-area air-fuel ratio sensor
adapted to output a signal substantially proportional to an
oxygen concentration and exhaust gases (i.e., proportional to
an air-fuel ratio of air-fuel mixture supplied to the engine 12).

The evaporative emission control system 10 further
includes a microcondenser device 50. With additional refer-
ence to FIG. 2, the microcondenser device 50 includes a
housing 52 having an inlet 54 for receiving fuel vapor and a
condensation outlet 56 for discharging condensed fuel vapor.
In the illustrated embodiment, the inlet 54 is connected to the
fuel tank 26 through vapor line 58 so that fuel vapors formed
in the fuel tank 26 can be delivered to the microcondenser
device 50. The condensation outlet 56 is also connected to the
fuel tank 26. In particular, the condensation outlet 56 is con-
nected to the fuel tank 26 through condensation discharge line
60 for directing condensed vapor (i.e., liquid fuel) from the
microcondenser device 50 back to the fuel tank 26. The hous-
ing 52 can also have a vapor outlet 62 for discharging fuel
vapor that remains vaporized after passing through the micro-
condenser device 50. In the illustrated embodiment, the vapor
outlet 62 is fluidly connected to the intake pipe 14 upstream of
the fuel injection valves 22 via vapor line 64. This allows fuel
vapor discharged by the microcondenser device 50 to be
recirculated through the internal combustion engine 12 for
combustion therein.

As will be described in more detail below, the microcon-
denser device 50 can also include a thermoelectric element 66
for condensing fuel vapors admitted through the inlet 54. The
thermoelectric element 66 can be a Peltier microelement that
employs or uses the Peltier effect to condense evaporative or
vaporized fuel received from the fuel tank 26 via the vapor
line 58. Advantageously, providing the thermoelectric ele-
ment 66 as a Peltier microelement can be effective for con-
densing vaporized fuel from the fuel tank 26 while being of a
small size and requiring minimum power consumption
thereby not taxing the spatial layout of the vehicle or its
electrical system. Operation of the microcondenser device 50
can occur as described in U.S. Pat. No. 7,527,045, which is
expressly incorporated in its entirety herein.

With additional reference to FIGS. 3 and 4, the housing 52
has a bottom or lower wall 70 and at least one side wall 72,74,
76, 78 extending upward from the lower wall 70. The lower
wall 70 and the at least one side wall 72-78 together define a
chamber 80 in the housing 52. In the embodiment illustrated
in FIGS. 2-4, the housing 52 has a cuboid or box-shaped
configuration such that the at least one side wall includes four
rectangular side walls 72,74, 76, 78, each extending orthogo-
nally upward from the lower wall 70. As shown, the inlet 54
is defined in the housing 52, and particularly the side wall 76
thereof, for admitting fuel vapor into the chamber 80. The
condensation outlet 56 is defined in the housing 52, and
particularly in the side wall 72 thereof, for discharging liquid
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fuel that is condensed from the fuel vapor in the chamber 80.
The vapor outlet 62 is defined in the housing 52, and particu-
larly in the side wall 78 thereof, for discharging uncondensed
fuel vapor from the chamber 80.

In anon-limiting example, the thermoelectric element 66 is
supported by the at least one side wall (i.e., side walls 72-78
in the embodiment illustrated in FIGS. 2-4) in spaced relation
relative to the lower wall 70. By this arrangement, the ther-
moelectric element 66 is spaced apart vertically from the
bottom wall 70. For supporting the thermoelectric element 66
in spaced relation relative to the lower wall 70, the at least one
side wall (i.e., side walls 72-78) can include a recess 82
defined by a shoulder 84 and face 86 extending upward from
the shoulder 84. In particular, each of the side walls 72-78 of
the illustrated embodiment can include shoulder 84 and face
86 defining the recess 82. As shown, the thermoelectric ele-
ment 66 can be supported on the shoulder 84 and sized such
that at least one peripheral edge of the thermoelectric element
66 is positioned closely adjacent the face 86. In the illustrated
embodiment, the thermoelectric element 66 can have a rect-
angular configuration including four peripheral edges 66a
and each peripheral edge 66a can be positioned closely adja-
cent face 86 of a corresponding one of the side walls 72-78.
By this arrangement, the thermoelectric element 66 is
nestably received within the recess 82 defined in the housing
52.

A porous element 100 can be disposed in the housing 52,
and particularly received in the chamber 80 of the housing 52.
The porous element is fluidly interposed between the inlet 54
and the condensation outlet 56 for absorbing or receiving the
fuel vapor admitted through the inlet 54. The thermoelectric
element 66 can be in thermal contact with the porous element
100 for removing heat from the fuel vapor absorbed or
received by the porous element 100 to condense the fuel
vapor. In particular, the porous element 100 can be in con-
ductive thermal contact with the thermoelectric element 66.
In addition to being interposed between the inlet 54 and the
condensation outlet 56, the porous element 100 is also fluidly
interposed between the inlet 54 and the vapor outlet 62, which
discharges fuel vapor that remains vaporized after passing
through the porous element 100.

In one embodiment, the porous element 100 is a carbon
foam element. Being formed of carbon foam provides advan-
tages such as higher thermal conductivity and greater surface
area per unit volume than conventional heat sinks and/or heat
sinks formed of fins (e.g., aluminum fins). Moreover, the
carbon foam element 100 has greater heat transfer efficiency
than conventional arrangements which results in the overall
electric load needed to power the microcondenser device 50
being considerably lower than would be necessary if using
conventional fins.

In the illustrated embodiment, a heat conductive plate 102
is interposed between the porous element 100 and the ther-
moelectric element 66. In one embodiment, the heat conduc-
tive plate 102 is a copper plate and may be referred to herein
as a copper plate 102. Although referred to herein as copper
plate 102, it is to be understood that the plate 102 may be any
metal or metal alloy capable of conducting heat. Accordingly,
conductive heat transfer occurs from the porous element 100,
then to the copper plate 102, and next to the thermoelectric
element 66. Using the copper plate 102 allows for improved
heat transfer from the porous element 100 to the thermoelec-
tric element 66. In particular, the copper plate 102 can have an
improved flatness, particularly on a side 104 that interfaces
with the porous element 100 (i.e., improved flatness com-
pared to other efficient heat transfer materials). In addition, a
thermal paste 106 can be interposed between at least one of
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the copper plate 102 and the thermoelectric element 66 or the
copper plate 102 and the porous element 100. In the illus-
trated embodiment, as shown, thermal paste 106 is interposed
between both the copper plates 102 and the thermoelectric
element 66 and the copper plate 102 and the porous element
100. The thermal paste 106 facilitates better heat transfer
between conductive elements of the microcondenser device
50.

As shown in the illustrated embodiment, the copper plate
102 is supported by the shoulder 84 and the thermoelectric
element 66 is supported on top of the copper plate 102.
Together, the thermoelectric element 66 and the copper plate
102 are nestably received within the recess 82 defined in the
housing 52. Particularly, in the illustrated embodiment, these
elements 66, 102 form an upper side of the housing 52 and
close the chamber 80 defined by the housing 52. A seal 108
can be interposed between the underside 104 of the copper
plate 102 and the shoulder 84 defined in each of the side walls
72-78. The nesting relation of the copper plate 102 and the
thermoelectric element 66 within the recess 82 and/or the
provision of the seal 108 is believed to advantageously reduce
or eliminate frost or fog formation on the microcondenser
device 50, and particularly the housing 52 thereof, which
improves efficiency of the device 50 (i.e., less power is
needed to operate the device).

Also to improve efficiency of the microcondenser device
50, the housing 52 can be formed of a plastic material. This
provides the housing 52 with a low heat mass body and a low
thermal conductivity body material. The particular plastic
material employed for the housing 52 can have sufficient
rigidity while otherwise reducing the amount of energy
needed for the thermoelectric element 66 to cool vaporized
fuel passing through the porous element 100. Using plastic
also provides an additional minimal weight benefit through
the use of a lighter material.

Specifically, for example, the body material of the housing
52 can be polyamide, polyacetal, PEL, PPS, or any other
fuel-resistant plastic material providing for low heat loss and/
or low thermal mass. In addition, to further limit thermal loss
to the environment, an insulation or an insulating layer can be
disposed around an exterior of the housing 52 or inside the
housing around the porous element 100. In the illustrated
embodiment, a foam insulating layer 110 is shown provided
around an exterior of the housing 52. Alternatively, other
insulating materials can be applied to the exterior of the
housing 52. For example, aerogels or other foams can be
applied to an exterior of the housing for insulating the housing
from thermal losses to the surrounding environment.

The microcondenser device 50 can additionally include at
least one support baffle supporting the porous element 100
within the housing 52. As will be described in more detail
below, the at least one support baffle supports the porous
element 100 in an elevated position (i.e., in spaced apart
relation) from the lower wall 70 and in conductive thermal
contact with the thermoelectric element 66. As will also be
described in more detail below, the at least one support baffle
can urge the porous element 100 toward the thermoelectric
element 66 and/or into thermal contact with the thermoelec-
tric element 66. The at least one support baftle can be one or
more baffles shaped or configured to provide various sub-
chambers within the chamber 80 of the housing 52. The
baffles can be formed of a foam insulation material, such as a
Teflon foam insulation, for example, which provides the
baftles with some resiliency and enable the stacked baffles to
urge the porous element 100 toward the copper plate 102,
which assists in efficient heat transfer therebetween.
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In the illustrated embodiment, the at least one support
baftle includes a plurality of stacked baftles, which facilitates
the baffles urging or supplying support pressure against the
porous element 100. Whether stacked, shaped or otherwise
configured, the one or more support baffles can be arranged to
efficiently direct fuel vapor into the porous element 100 and/
or to facilitate efficient liquid drainage (i.e., condensed fuel
vapor). In the illustrated embodiment, the plurality of baffles
includes a base baffle 112 having a cut out or recess 114
accommodating the condensation outlet 56. Intermediate
baffles 116, 118, 120, 122 are stacked on the base baftle 112.
In particular, intermediate baffles 116, 118 are together
stacked and form a first pair of stacked baffles. Likewise,
intermediate baffles 120, 122 are together stacked and form a
second pair of stacked baffles. Thus, the baffles 116-122 are
arranged in stacked pairs wherein the first pair of stacked
baftles 116, 118 are together stacked adjacent the inlet 54 and
the second pair of baffles 120, 122 are stacked adjacent the
vapor outlet 62, and wherein the pairs of stacked baffles 116,
118 and 120, 122 flank the condensation outlet 56.

The baftles can be arranged so as to direct gas and/or liquid
flow within the microcondenser device 50 and support the
porous element 100. For example, upper baffles 124, 126 are
disposed in stacked relation above the intermediate baftles
116-122 and can directly support the porous element 100. In
particular, the illustrated embodiment, the upper baffle 124 is
stacked on the first pair of intermediate baffles 116, 118
adjacent the vapor inlet 54 and the upper baffle 126 is stacked
on the second pair of intermediate baffles 120, 122 adjacent
the vapor outlet 62. Like the intermediate baffles 116-122, the
upper baffles 124, 126 can be laterally spaced apart from one
another to flank the condensation outlet 56.

In the illustrated embodiment of FIGS. 2-4, the baffles are
arranged so as to define a plenum chamber 128 adjacent the
vapor inlet 54 and extending from the side wall 72 to the side
wall 74. The plenum chamber 128 can allow the fuel vapor
admitted through the vapor inlet 54 to more evenly distribute
along a dimension of the porous element 100 extending from
the side wall 72 to the side wall 74 and thus more effectively
absorb the fuel vapor. In particular, the plenum chamber 128
of the illustrated embodiment is formed by the side walls 72,
74,76, the baffles 118 and 124, and the porous element 100.
The plenum chamber 128 extends along substantially an
entire width of the porous element 100 (e.g., the width
extending between the side walls 72, 74). The plenum cham-
ber 128 can function to ensure that fuel vapor entering
through the inlet 54 is allowed to spread out before being
absorbed into the porous element 100.

The baffles 116, 118, 120, 122, 124, and 126 also define a
condensation chamber 130 vertically between the condensa-
tion outlet 56 and the porous element 100. As shown, the
condensation chamber 130 is disposed below the porous ele-
ment 100. This allows gravity to assist in removing con-
densed fuel from the porous element 100 and directing the
same to the condensation outlet 56. The upper baffle 124 is
smaller in the illustrated embodiment than the upper baftle
126, which defines an expanded area 132 of the condensation
chamber 130. The expanded area 132 facilitates gravitational
removal of condensed fuel from the porous element 100 on a
side of the condensation chamber 130 adjacent the vapor inlet
54.

With reference to FIGS. 5 and 6, a microcondenser device
150 is illustrated. The microcondenser device 150 can be the
same as the microcondenser device 50 except as indicated
below. In FIGS. 5 and 6, the base and intermediate stacked
baftles of the microcondenser device 50 are replaced with a
single shaped baffle 152 that includes a base portion 154
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similar in configuration to the base baffle 112 and intermedi-
ate baffle portions 156, 158 that are similar in configuration to
the stacked intermediate baffles 116-122. The microcon-
denser device 150 includes upper baffles 160, 162 disposed in
stacked relation on the intermediate baffle portions 156, 158.
Unlike the microcondenser device 50, the microcondenser
150 has its upper baffles 160, 162 sized and arranged to
provide varying shapes for plenum chamber 164 and conden-
sation chamber 166. In particular, the upper baffle 160 has a
rear side 168 aligned with a rear side 170 of the intermediate
baftle portion 156. Accordingly, no expanded area 132 is
defined above the intermediate baffle portion 156; however,
the plenum chamber 164 has an increased depth (i.e., a
dimension from the vapor inlet 54 and/or side wall 76 to the
upper baffle 160). Instead of the expanded area 132, an
expanded area 172 is disposed above the intermediate baffle
portion 158. The expanded area 172 results from the rear edge
174 of the upper baffle 162 being laterally spaced apart from
the rear side 176 of the intermediate baffle portion 158.

With reference to FIGS. 7 and 8, another microcondenser
device 250 is illustrated. The microcondenser device 250 can
be the same as the microcondenser device 150 except as
indicated below. In the embodiment illustrated in FIGS. 7 and
8, the upper baffle 162 is replaced with upper baffle 126 (i.e.
the same baffle used in the microcondenser device 50).
Accordingly, in this embodiment, there is no expanded area of
the condensation chamber 130 above the intermediate baftle
portion 156 or above the intermediate baffle portion 158, only
the enlarged plenum chamber 164.

With reference to FIGS. 9 and 10, still another microcon-
denser device 350 is illustrated, which can be the same as the
microcondenser device 150 except as indicated below. In the
microcondenser device 350, upper baffle 124 (same as used in
the microcondenser 50) is disposed above the intermediate
baftle portion 156 and the upper baftle portion 162 is disposed
above the intermediate baffle portion 158. Accordingly, by
this arrangement, expanded area 132 is disposed above the
intermediate baffle portion 156 and expanded area 172 is
disposed above the intermediate baffle portion 158. A small
plenum chamber 128 is also disposed above the intermediate
baftle portion 156 adjacent the inlet 54.

Returning reference to FIGS. 2-4, the porous element 100
can have a varying porosity. One non-limiting example of
varying porosity for the porous element 100 is schematically
illustrated by the stippling in the figures. As shown, the
porous element 100 can have an increased porosity at a first
side or portion 100a, which is adjacent the plenum chamber
128 and the inlet 54, than adjacent a second side or portion
10056. The porous element 100 can also have an increased
porosity adjacent an underside or underside portion 100c¢ than
an upper side or upper side portion 1004 that is adjacent the
thermoelectric element 66. While the illustrated embodiment
includes progressively decreasing porosity from the first side
portion 100a to the second side portion 1006 and from the
underside portion 100c¢ to the upper side portion 1004, it is to
be appreciated that such varying porosity could occur only
from one side to another (e.g., from side portion 1004 to side
portion 1005 or from side portion 100¢ to side portion 1004).
Alternatively, other arrangements or patterns of varying
porosity could be used with the porous element 100.

As best shown in FIG. 3, the arrangement of the vapor inlet
54 and the outlets 56, 62 relative to one another can facilitate
efficient vapor flow and liquid flow through the microcon-
denser device 50. As used herein, relative positioning can
refer to positioning of a central axis or central area of each of
the inlet 54 and outlets 56, 62 relative to one another. In
particular, as shown, the vapor outlet 62 can be relatively



US 9,334,837 B2

9

positioned vertically above the vapor inlet 54 and above the
condensation outlet 56. The condensation outlet 56 can be
relatively positioned below the vapor inlet 54 and below the
vapor outlet 62. The vapor inlet 54 can be disposed vertically
between the vapor outlet 62 and the condensation outlet 56. In
addition to relative positioning, relative sizing can facilitate
efficient fuel flow through the microcondenser device 50. For
example, as shown, the vapor inlet 54 can have an increased
size relative to the condensation outlet 56, which itself can
have an increased size relative to the vapor outlet 62.

With reference to FIGS. 11 and 12, the microcondenser
device 50 can additionally include a heat removal assembly
180 or 182 that is in thermal contact with a hot side 665 of the
thermoelectric element 66. The heat removal assembly 180 or
182 can comprise at least one of heat pipe 180 (FIG. 11) ora
liquid cooling circuit 182 (FIG. 12). In FIG. 11, an exemplary
heat pipe 180 is shown having a casing 184, a wick 186 and a
vapor cavity 188. As is known and understood by those
skilled in the art, the heat pipe 180 can facilitate more rapid
removal of heat from the hot side 665 of the thermoelectric
element 66, which reduces the power consumption of the
thermoelectric element 66 for condensing fuel vapor in the
chamber 80. In FIG. 12, an exemplary liquid cooling circuit
182 is shown having a pump 190, a heat exchanger 192 and a
liquid circulation loop 194. As is known and understood by
those skilled in the art, the pump 190 circulates a heat transfer
fluid (e.g., antifreeze) in the loop 194 from the hot side 665 of
the thermoelectric element 66 where the fluid absorbs heat
from the thermoelectric element 66 to the heat exchanger 192
where the fluid dissipates its absorbed heat. Alternatively orin
addition, the hot side 66a of the thermoelectric element 66
can be cooled by convection fins and/or a fan (both not
shown). Although not shown, a thermal paste can be used
between the heat removal assembly 180 or 182 and the hot
side 664 of the thermoelectric element 66. Using the heat pipe
180 or the liquid cooling circuit 182, rapid heat removal can
occur from the hot side 664 of the thermoelectric element 66
increasing its efficiency.

With reference to FIGS. 13, 14 and 15, a microcondenser
device 450 is illustrated according to a further alternate
embodiment. The microcondenser device 450 can be the
same or similar as the microcondenser devices 50, 150, 250
and 350 already described herein except as indicated below.
As with the already described microcondenser devices, the
device 450 can include a housing 452 having an inlet 454 for
receiving fuel vapor and a condensation outlet 456 for dis-
charging condensed fuel vapor. The device 450 also includes
aporous element 458 disposed in the housing 452 and fluidly
interposed between the inlet 454 and the condensation outlet
456 for absorbing the fuel vapor received through the inlet
454. Additionally, the device 450 includes a thermoelectric
element 460 in thermal contact with the porous element 458
for removing heat from the fuel vapor absorbed by the porous
element 458 to condense the fuel vapor.

Also like the already described microcondenser devices,
the housing 452 of the microcondenser device 450 can have a
lower wall 462 and at least one side wall 464, 466, 468, 470
extending upward from the lower wall 462. The lower wall
462 and the at least one side wall 464-470 together define a
chamber 472 in the housing 452. As shown, the thermoelec-
tric element 460 can be supported by the at least one side wall
464-470 in spaced relation relative to the lower wall 462 and
the porous element 458 can be received in the chamber 472. In
the illustrated embodiment, the porous element 458 is shown
as being a single piece or unit. It should be appreciated,
however, that the porous element 458 could alternatively be
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comprised of a plurality of porous elements positioned adja-
cent one another (e.g., two or more piece construction).

As with the earlier described microcondenser devices, the
inlet 454 can be defined through the at least one wall 464-470,
and particularly through the side wall 468, so as to be in fluid
communication with the chamber 472 and also with a plenum
chamber portion 474 of the chamber 472. More particularly,
the plenum chamber portion 474 is defined within the cham-
ber 472 of the housing 452 between the inlet 454 and the
porous element 458. As shown in the illustrated embodiment,
the plenum chamber portion 474 can extend along substan-
tially an entire lateral width of the porous element 458 (i.e.,
from side wall 464 to side wall 466 and along side wall 468).
In particular, the porous element 458 can be laterally spaced
apart from the at least one wall 464-470, and particularly from
the side wall 468, so as to define the plenum chamber 474
interposed between the inlet 454 and the porous element 458.

The porous element 458 and porous element 100 can be
formed of a porous or microporous metal or metal alloy or of
acarbon foam. [llustrative examples of metal and metal alloys
include, but are not limited to, aluminum, nickel, copper, iron,
magnesium, and mixtures thereof. Any of these porous mate-
rials can be a co-continuous material comprised of open cells
enabling fuel vapor and condensed fuel vapor to more easily
pass through the porous element 458 or porous element 100
(i.e., voids in the foam are interconnected). In the illustrated
embodiment, the porous element 458 is formed of the
microporous aluminum foam. Microporous aluminum foam
for the porous element 458 has been found to have advanta-
geous attributes, including that it is less brittle and therefore
more easily applied with pressure against the thermoelectric
element 460 for improved heat transfer between the porous
element 458 and the thermoelectric element 460. In addition,
microporous aluminum foam has been found to exhibit better
heat transfer characteristics generally.

In one embodiment, the use of microporous aluminum
foam for the porous element 458 (or porous element 100)
enables the baffles, particularly baffles formed of a spongy
material, to be excluded from the microcondenser device,
including the baffles described in association with the micro-
condenser devices 50, 150, 250 and 350. Additionally, with
the exception of the optional plenum chamber 474, the vari-
ous other chamber portions described in association with the
microcondenser devices 50, 150, 250 and 350 can be
excluded from the microcondenser device 450. Still further,
the less brittle nature of the microporous aluminum foam
allows for maximum contact between a porous element 458
and the thermoelectric element 460 and/or the housing 452.
That is, the less brittle nature of the microporous aluminum
foam enables the same to be pressed tightly against the ther-
moelectric element 460 (or other elements interposed and
thermally connected to the thermoelectric element 460) with
a reduced risk of breakage of the porous element 458.

As already described herein in association with the micro-
condenser devices 50, 150, 250, 350, the housing 452 of the
microcondenser device 450 can be formed of plastic. Alter-
natively, the housing 452 is formed of aluminum, which
facilitates higher heat transfer from the fuel vapor to the
thermoelectric element 460. More particularly, in some
instances, employing a plastic body in a microcondenser
device can cause warm zones around a perimeter of the
porous element, particularly when the porous element is a
foam element (e.g., a carbon foam element). This can poten-
tially result in fuel vapor (e.g., butane vapor) remaining along
a perimeter or peripheral sides of the porous element and
potentially migrating through the plastic body and leaking
from the microcondenser device. This potentially can cause a
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plastic body to warp due to the large thermo stress placed
thereon from the passing fuel vapor. Ultimately, this can
result in reduced or no condensation of the fuel vapor passed
to the microcondenser device. Use of an aluminum body for
the housing 452, or any of the housings of the microcondenser
devices 50, 150, 250, 350, can allow for higher heat transfer
from the porous element 458 and/or no or reduced warpage of
the housing.

In the illustrated embodiment, the porous element 458
includes a first surface 480 disposed adjacent the thermoelec-
tric element 460 and a second, opposite surface 482 having at
least one chamber or aperture defined therein for reducing a
thermal gradient across the porous element 458. In one
embodiment, the at least one aperture extends from the sec-
ond, opposite surface 482 to a location (e.g., location 484)
adjacent and spaced apart from the first surface 480, though
this is not required and other arrangements for the at least one
chamber or aperture are contemplated. In the illustrated
embodiment, the at least one aperture is a plurality of aper-
tures 486 dispersed about the second surface 482 of the
porous element 458. Each of the plurality of apertures 486
extends from the second, opposite surface 482 to a location
(e.g., 484) adjacent and spaced apart from the first surface
480. Although described herein as extending to the second
surface 482, it is to be understood that the at least one aperture
may be entirely enclosed within the porous element 458. In
yet another non-limiting example, at least one aperture may
be provided that is entirely enclosed within the porous ele-
ment 458, and at least one aperture may be provided that
extends from the second surface 482 to the location 484
adjacent and spaced apart from the first surface 480 or that
extends from the first surface 480 to the second surface 482.

In the illustrated embodiment, each of the plurality of
apertures 486 is cylindrical shaped, though this is not
required. Also in the illustrated embodiment, each of the
plurality of apertures 486 can extend approximately 6 mm
into the porous element 458 from the second, opposite surface
482 and can be spaced apart from the first surface 480 by
approximately 2 mm (i.e., a closed-end of each of the plural-
ity of apertures 486, e.g., at location 484, is spaced apart from
the first surface 480 2 mm), though this too is not required.
Further, as shown in the illustrated embodiment, the porous
element 458 can be hexahedron shaped with the upper surface
480 forming an upper side and lower surface 42 forming a
lower side.

Corresponding to the hexahedron shape, the plurality of
apertures 486 can be arranged in rows and columns on the
lower side 482 with at least two rows and at least two col-
umns. More particularly, as shown in the illustrated embodi-
ment, the apertures 486 can be arranged in four columns
extending away from the inlet 454 (i.e., between the side
walls 468 and 470) and five rows extending toward the outlet
456 (i.e., between the side walls 464 and 466). Additionally,
and as further shown with respect to the illustrated embodi-
ment, space in between the plurality of apertures 486 can be
approximately equal, such as along each row and along each
column. While the arrangement of the apertures 486 has been
described with some specificity in regard to the illustrated
embodiment, it will be appreciated by those skilled in the art
that other arrangements can be employed and may deviate
from what is shown in the illustrated embodiment.

Asdescribed in reference to the microcondenser device 50,
a heat conductive plate 490 (e.g., a copper plate) can be
interposed between the porous element 458 and the thermo-
electric element 460, though this is not required. Alterna-
tively, the porous element 458 can be positioned directly
adjacent the thermoelectric element 460 without a heat con-
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ductive plate 490 interposed therebetween. With or without
the heat conductive plate 490, a thermal paste 492 can be
interposed between the porous element 458 and the thermo-
electric element 460. When the heat conductive plate 490 is
included, the thermal paste 492 can be interposed between the
copper plate 490 and the thermoelectric element 460 and also
between the copper plate 490 and the porous element 458.
Optionally, a seal 494 can be interposed between an underside
of the copper plate 490 and the thermoelectric element 460
within a recess defined in the housing 452, similar or the same
as seal 108 is interposed between the underside of copper
plate 102 and shoulder 84 in the microcondenser device 50. If
no copper plate 490 is included, the seal 494 can still option-
ally be used, but would be interposed directly between a
shoulder defined by the housing 452 and the thermoelectric
element 460. Also like the microcondenser device 50, the
microcondenser device 450, and particularly the housing 452
thereof, can include an insulating layer disposed there
around, though this is not illustrated.

Though not illustrated, it is to be appreciated by those
skilled in the art that the porous element 458 of the micro-
condenser device 450 can have a varying porosity, such as
described in association with the microcondenser device 50.
For example, the varying porosity could include an increased
porosity adjacent the inlet 454 relative to a porosity adjacent
the condensation outlet 456. Alternatively or in addition, the
porous element 458 could have an increased porosity adjacent
anunderside thereof (i.e., second, opposite surface 42), which
is disposed adjacent the condensation outlet 456, than an
upper side (i.e., first surface 480) adjacent the thermoelectric
element 460. Other optional variations that could be
employed in association with the microcondenser device 450
include the use of a heat pipe or a liquid cooling circuit for
removing heat from the thermoelectric element 460. For
example, the heat pipe 170 of FIG. 11 or the liquid cooling
circuit 172 of FIG. 12 could be employed for removing heat
from the thermoelectric element 460.

Still further, the housing 452 of the microcondenser device
450 can optionally include a vapor outlet such as the vapor
outlet 62 described in reference to the microcondenser device
50 for discharging fuel vapor that remains vaporized after
passing through the porous element 458, though this is not
illustrated in connection with the microcondenser device 450.
With a vapor outlet on the housing 452, the porous element
458 could be fluidly interposed between the inlet 454 and
such a vapor outlet. As with the vapor outlet 62, a vapor outlet
on the housing 452 could be elevated relative to the inlet 454
and, as shown in the illustrated embodiment, the inlet 454 can
be elevated relative to the condensation outlet 456. If the
porous element 458 includes a varying porosity and a vapor
outlet is provided in the housing 452, the porous element 458
could have an increased porosity adjacent a first side of the
porous element 458 disposed adjacent the inlet 454 than a
second side adjacent a vapor outlet defined in the housing
452. This could be coupled with an increased porosity adja-
cent an underside of the porous element 458 disposed adja-
cent the condensation outlet 458 as compared to adjacent the
thermoelectric element 460.

As with the microcondenser devices 50, 150, 250, 350, the
microcondenser device 450 and any of the various embodi-
ments or configurations described herein can be mounted on
a vehicle with the inlet 454 fluidly connected to a fuel tank
without a canister interposed between the fuel tank and the
inlet 454, and the outlet 456 can be fluidly connected to the
fuel tank for returning condensed fuel vapor back to the fuel
tank. For example, the microcondenser device 450 could be
substituted for the microcondenser device 50 in the system 10
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depicted in FIG. 1. Accordingly, the inlet 454 could be con-
nected to the fuel tank 26 via line 58 and the outlet 456 could
also be connected, such as via line 60 to the fuel tank 25.1f a
vapor outlet is included on the microcondenser device 450,
such a vapor outlet could be connected to engine intake 14 via
line 64.

In a non-limiting example, with reference to FIG. 16, the
microcondenser device 450 can be used within an evaporative
emission control system 500 including an internal combus-
tion engine 502 on a vehicle 504. In the system 500, the
housing 452 of'the microcondenser device 450 is mounted on
the vehicle 504 with the inlet 454 fluidly connected to a fuel
canister 506 and the condensation outlet 456 fluidly con-
nected to a fuel tank 508. As is known and understood by
those skilled in the art, the canister 506 can be fluidly con-
nected to the fuel tank 508 in a known manner such that a
charge line 510 delivers fuel vapor from the fuel tank 508 to
the canister 506 for temporary retainment (e.g., in a carbon
bed disposed within the canister 506). The canister 506 can be
connected to atmosphere by the drain line 512 which allows
air from atmosphere to enter the canister 506, such as during
a purge operation. The canister 506 can further include a
purge line 514 that allows for fuel vapor temporarily retained
by the canister 506 to be purged therefrom as will be
described in further detail below.

In the illustrated embodiment, the purge line 514 includes
at least a branch line 516 fluidly connecting the canister 506
to the inlet 454 of the microcondenser device 450. This allows
for fuel vapor to be purged from the canister 506 and directed
to the microcondenser device 450. This fuel vapor can be
processed by the microcondenser device 450 and the con-
densed fuel returned to the fuel tank 508 via the outlet 456 and
return line 518. More particularly, the return line 518 can
return a mixture of condensed fuel vapor and uncondensed
fuel vapor back to the fuel tank 508. A separate branch line
520 can optionally be included. When included, line 520
fluidly connects the purge line 514 to an engine intake 522 of
the internal combustion engine 502.

Suitable solenoid valves or similar flow control mecha-
nisms 524 can be provided within the system 500 for control-
ling desired flow within the system as will be understood and
appreciated by those skilled in the art upon reading the
present disclosure. For example, the solenoid valves 524 can
be controlled for allowing the canister 506 to temporarily
retain fuel vapor from the fuel tank 508. The solenoid valves
524 can be further controlled to allow the canister 506 to be
purged, including purging through the branch line 516 to the
microcondenser device 450. When configured with the
branch line 516, the solenoid valves 524 can also be operated
to purge fuel vapor from the canister 506 to the engine intake
522, such as when the engine 502 is running.

To facilitate fuel vapor being directed from a canister 506
to the microcondenser device 450 via the purge line 514 and
branch line 516, a pump 526 can be fluidly interposed
between the fuel canister 506 and the inlet 454 of the micro-
condenser device 450 for forcing or pumping fuel vapor to be
purged from the canister 506 into the microcondenser device
450. As shown, the pump 526 can be disposed along the
branch line 516. Optionally, a vapor outlet 528 and vapor line
530 can be provided on the microcondenser device 450 where
uncondensed fuel vapor is directed from the microcondenser
device 450 to the engine intake 522. Alternatively, with ref-
erence to FIG. 16 A, vapor outlet 528' can be provided on the
microcondenser device 450 for directing uncondensed fuel
vapor from the microcondenser device 450 back to the can-
ister 506 via vapor line 530'.
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In a non-limiting example shown in FIG. 17, the microcon-
denser device 450 can be used with a fuel canister comprising
a first canister portion 552 and a second canister portion 554.
In the system 550, like reference numerals from the system
500 are used to identify like components. As shown, the first
canister portion 552 has a charge inlet 556 fluidly connected
to the fuel tank 508, a drain outlet 558 fluidly connected to
atmosphere, a first purge outlet 560 fluidly connected via line
562 to the intake 522 of the engine 502 and a second purge
outlet 564 fluidly connected via line 566 to the second can-
ister portion 554. The second canister portion 554 has a
charge inlet 568 fluidly connected to the second purge outlet
564 of the first canister portion 552 and a purge outlet 570
fluidly connected via line 572 to the inlet 454 of the micro-
condenser device 450, optionally with pump 526 fluidly inter-
posed between the canister portion 554 and the microcon-
denser device 450.

In addition to the solenoid valves 524, a solenoid valve 574
can be fluidly interposed between the first canister portion
552 and the second canister portion 554 along the line 566. In
operation, the solenoid valves 524, 574 can allow the canister
portions 552, 554 to operate in a generally conventional man-
ner. For example, fuel vapor can pass form the fuel tank 508
to the first canister portion 552 and the solenoid valve 574 can
allow the second canister portion 554 to receive fuel vapor
(e.g., overflow vapor) from the first canister portion 552.
However, the solenoid valve 574 can also be used isolate the
second canister portion 554 from the first canister portion
552. This can advantageously allow the microcondenser
device 450 to process fuel vapor from the second canister
portion 554 and return the processed fuel vapor to the fuel
tank 508 via return line 576 without creating an undesirable
pressurization situation in the fuel tank 508.

More particularly, the fuel vapor processed by the micro-
condenser device 450 can include condensed fuel vapor and
uncondensed fuel vapor. The uncondensed fuel vapor return-
ing to the fuel tank 508 can cause a pressure condition in the
fuel tank where fuel vapor in the fuel tank needs to escape.
Isolating the canister portions 552, 554 from one another
allows the first canister portion 552 to process such fuel
vapors from the fuel tank 508 while the microcondenser
device 450 processes fuel vapor from the second canister
portion 554.

Optionally, vapor outlet 528 (FIG. 17) or vapor outlet 528'
(FIG. 17A) can be used in association with the microcon-
denser device 450 in the evaporative emission control system
550. As shown, the vapor outlet 528' can direct uncondensed
fuel vapor from the microcondenser device 450 to the second
canister portion 554.

With reference to FIG. 18, the microcondenser device 450
is illustrated within an evaporative emission control system
including an underground fuel storage vessel 600. In the
illustrated arrangement, the inlet 454 can be fluidly connected
to the underground fuel storage vessel 600 for directing fuel
vapor from the vessel 600 to the microcondenser device 450
and the outlet 456 can be fluidly connected to the vessel 600
for returning condensed fuel vapor to the vessel 600. The use
of the microcondenser device 450 for the underground fuel
storage vessel 600 reduces the cost and complexity of the
evaporative emission control system for the underground ves-
sel 600.

With reference to FIG. 19, the microcondenser device 450
is shown deployed in another evaporative emission control
system. This system includes underground storage vessel
600, a fuel canister 602 and a pump 604. In this arrangement,
the microcondenser device 450 can operate in association
with canister 602 for processing fuel vapor from the under-
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ground storage vessel 600. Operation can occur in the same
manner as described in reference to the vehicle evaporative
emission control system 500 of FIG. 16, but of course there is
no engine intake 522 or engine 502. In this respect, the fuel
tank 508 in FIG. 16 can be considered a fuel storage vessel
wherein vaporized fuel is generated and the microcondenser
device 450 in FIG. 16 processes the vaporized fuel received
from this fuel storage vessel (i.e., fuel tank 508).

Returning to FIG. 19, the canister 602 is fluidly interposed
between the fuel storage vessel 600 and the microcondenser
device 450. The canister 602 has an inlet 606 for receiving
vaporized fuel from the fuel storage device (i.e., vessel 600)
and a bed element for temporarily retaining the fuel vapor
therein. The canister 602 has a purge line 608 fluidly con-
nected to the inlet 454 of the microcondenser device 450 for
directing the temporarily retained fuel vapor to the microcon-
denser device 450 for processing as already described herein.

In one embodiment, an evaporative emission control sys-
tem is provided including a fuel storage vessel wherein vapor-
ized fuel is generated and the microcondenser device 450 for
processing the vaporized fuel received from the fuel storage
vessel. As already described herein, the microcondenser
device 450 can include a porous portion that facilitates
removal of heat from the vaporized fuel (i.e., carbon foam or
microporous aluminum foam). In this system, a canister (e.g.,
canister 506 or 602) can optionally be fluidly interposed
between the fuel storage vessel and the microcondenser
device 450. The canister can have an inlet for receiving the
vaporized fuel from the fuel storage device and a bed element
for temporarily retaining the fuel vapor therein. The canister
can further have a purge line fluidly connected to the inlet 454
of the microcondenser device 450 for directing the tempo-
rarily retained fuel vapor to the microcondenser device 450.
The purge line of the canister can be selectively fluidly con-
nected to the inlet 454 of the microcondenser device 450. In
one exemplary embodiment, the fuel storage vessel is a
vehicle fuel tank and thus the purge line from the canister is
selectively fluidly connected to the inlet 454 of the microcon-
denser device. Alternatively, the fuel storage vessel can be an
underground fuel storage vessel. In either case, a pump can be
fluidly interposed between the canister and the microcon-
denser device for moving fuel vapor from the canister to the
microcondenser device.

An evaporative emission control method will now be
described for the microcondenser device 450, but the method
could be suitably employed in conjunction with one of the
other microcondenser devices described herein. In the
method, fuel vapor from a fuel storage vessel (e.g., a fuel tank
on a vehicle or an underground fuel storage vessel) is directed
to a microcondenser device, such as microcondenser device
450. The fuel vapor from the fuel storage vessel is condensed
in the microcondenser device 450. The condensed fuel vapor
is returned from the microcondenser device 450 to the fuel
storage vessel. Prior to the fuel vapor being condensed by the
microcondenser device 450, the fuel vapor can be temporarily
retained in a fuel canister having a bed element. The fuel
vapor can be selectively directed from the fuel canister to an
engine intake of an internal combustion engine when the
engine is running, though this is not required.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives or varieties
thereof, may be desirably combined into many other different
systems or applications. Also that various presently unfore-
seen or unanticipated alternatives, modifications, variations
or improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed
by the following claims.
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The invention claimed is:

1. A microcondenser device for an evaporative emission
control system, comprising:

a housing having an inlet for receiving fuel vapor and a
condensation outlet for discharging condensed fuel
vapor;

aporous element disposed in the housing and fluidly inter-
posed between the inlet and the condensation outlet for
absorbing the fuel vapor received through the inlet: and

a thermoelectric element in thermal contact with the
porous element for removing heat from the fuel vapor
absorbed by the porous element to condense the fuel
vapor;

wherein the housing has a lower wall and at least one side
wall extending upward from the lower wall, the lower
wall and the at least one side wall together define a
chamber in the housing, the porous element supported
by the at least one side wall in spaced relation relative to
the lower wall, the porous element received in the cham-
ber, and

wherein at least one support baffle supports the porous
element within the housing, wherein the at least one
supported baftle includes a first baffle and separate sec-
ond baffle, the first and second baffles defining a con-
densation chamber located between the condensation
outlet and the porous element.

2. The microcondenser device of claim 1 wherein the
porous element is a porous metal, a porous metal alloy, or a
carbon foam.

3. The microcondenser device of claim 2 wherein the
porous element is a microporous aluminum foam.

4. The microcondenser device of claim 2 wherein the
porous element has a varying porosity including an increased
porosity adjacent the inlet relative to a porosity adjacent the
condensation outlet.

5. The microcondenser device of claim 1 wherein the hous-
ing is formed of aluminum which facilitates higher heat trans-
fer from the fuel vapor to the thermoelectric element.

6. The microcondenser device of claim 1 wherein the
porous element includes at least one chamber therein.

7. The microcondenser device of claim 6 wherein the
porous element is provided with a first side and a second side
opposite the first side, the second opposite side having an
opening to the at least one chamber.

8. The microcondenser device of claim 7 wherein the first
side is positioned adjacent the thermoelectric element.

9. The microcondenser device of claim 1 wherein the
porous element includes a first surface disposed adjacent the
thermoelectric element and a second, opposite surface having
at least one aperture defined therein for reducing a thermal
gradient across the porous element.

10. The microcondenser device of claim 1 wherein an
insulating layer is disposed one of: around an exterior of the
housing or inside the housing around the porous element.

11. The microcondenser device of claim 1 wherein the
housing is mounted on a vehicle with the inlet fluidly con-
nected to a fuel tank without a canister interposed between the
fuel tank and the inlet, and the outlet is fluidly connected to
the fuel tank.

12. The microcondenser device of claim 1 wherein the
housing is mounted on a vehicle with the inlet fluidly con-
nected to a fuel canister and the condensation outlet fluidly
connected to a fuel tank.

13. The microcondenser device of claim 12 wherein a
pump is fluidly interposed between the fuel canister and the
inlet for forcing fuel vapor to be purged from the canister into
the microcondenser device.
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14. The microcondenser device of claim 13 wherein the
fuel canister includes a first canister portion and a second
canister portion, the first canister portion having a charge inlet
fluidly connected to the fuel tank, a drain outlet fluidly con-
nected to atmosphere, a first purge outlet fluidly connected to
anintake of an internal combustion engine and a second purge
outlet fluidly connected to the second canister portion, the
second canister portion having a charge inlet fluidly con-
nected to the second purge outlet of the first canister portion
and a purge outlet fluidly connected to the inlet of the micro-
condenser device.

15. The microcondenser device of claim 1 wherein the inlet
is fluidly connected to an underground fuel storage vessel for
directing fuel vapor from the vessel to the microcondenser
device and the outlet is fluidly connected to the vessel for
returning condensed fuel vapor to the vessel.

16. The microcondenser device of claim 10 wherein the
insulating layer is disposed inside the housing around the
porous element.

17. A microcondenser device for an evaporative emission
control system, comprising:

a housing having an inlet for receiving fuel vapor and a
condensation outlet for discharging condensed fuel
vapor;

aporous element disposed in the housing and fluidly inter-
posed between the inlet and the condensation outlet for
absorbing the fuel vapor received through the inlet; and

a thermoelectric element in thermal contact with the
porous element for removing heat from the fuel vapor
absorbed by the porous element to condense the fuel
vapotr,

wherein the porous element includes a first surface dis-
posed adjacent the thermoelectric element and a second,
opposite surface having at least one aperture defined
therein for reducin a thermal adient across the orous
element, and

wherein the at least one aperture extends from the second,
opposite surface to a location adjacent and spaced apart
from the first surface, and further wherein the at least one
aperture is a plurality of apertures dispersed about the
second surface of the porous element.

18. The microcondenser device of claim 17 wherein the
porous element is formed of microporous aluminum foam
and the housing is formed of aluminum.

19. The microcondenser device of claim 17 wherein the
porous element is hexahedron shaped with the upper surface
forming an upper side and the lower surface forming a lower
side, the plurality of apertures arranged in rows and columns
on the lower side with at least two rows and at least two
columns, and further wherein spacing between the plurality
of apertures is approximately equal along each row and along
each column.

20. An evaporative emission control system, comprising:

a fuel storage vessel wherein vaporized fuel is generated;
and

a microcondenser device for processing the vaporized fuel
received from the fuel storage vessel and for an evapo-
rative emission control system, the microcondenser
device including:
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a housing having an inlet for receiving fuel vapor and a
condensation outlet for discharging condensed fuel
vapor;

a porous portion that facilitates removal of heat from the
vaporized fuel, wherein the porous portion is a porous
element disposed in the housing and fluidly interposed
between the inlet and the condensation outlet for absorb-
ing the fuel vapor received through the inlet; and

a thermoelectric element in thermal contact with the
porous element for removing heat from the fuel vapor
absorbed by the porous element to condense the fuel
vapor;

wherein the housing has a lower wall and at least one side
wall extending upward from the lower wall, the lower
wall and the at least one side wall together define a
chamber in the housing, the porous element supported
by the at least one side wall in spaced relation relative to
the lower wall, the porous element received in the cham-
ber, and

wherein at least one support baffle supports the element
within the housing, wherein the at least one supported
baffle includes a first baffle and separate second baffle,
the first and second baffles defining a condensation
chamber located between the condensation outlet and
the porous element.

21. The system of claim 20 further including a canister
fluidly interposed between the fuel storage vessel and the
microcondenser device, the canister having an inlet for
receiving the vaporized fuel from the fuel storage device and
abed element for temporarily retaining the fuel vapor therein,
the canister having a purge line fluidly connected to an inlet of
the microcondenser device for directing the temporarily
retained fuel vapor to the microcondenser device.

22. The system of claim 21 wherein the purge line is selec-
tively fluidly connected to the inlet and is selectively fluidly
connected to an engine intake of an internal combustion
engine on a vehicle, and further wherein the fuel storage
vessel is a fuel tank on the vehicle.

23. The system of claim 21 wherein a pump is fluidly
interposed between the canister and the microcondenser
device for moving fuel vapor from the canister to the micro-
condenser device.

24. The system of claim 23 wherein the canister includes a
first canister portion and a second canister portion, the first
canister portion having the inlet fluidly connected to the fuel
tank and a drain port selectively fluidly connected to atmo-
sphere, the purge line including a first purge line portion
selectively fluidly connecting the first canister portion to the
engine intake and a second purge line portion selectively
fluidly connecting the first canister portion to microcondenser
device with the second canister portion disposed along the
second purge line portion and fluidly interposed between the
first canister portion and the second canister portion.

25. The system of claim 20 wherein the fuel storage vessel
is an underground fuel storage vessel.
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